Type-8 avian adenoviruses were isolated from chickens in a commercial flock suffering an outbrcak of inclusion body hepatitis. Serum-neutralizing titer to this type, but not to 7 other types of avian adenovirus, was more than 4 times as high in convalescing chickens as in chickens from the flock bled 2 weeks previously, during the disease outbreak. A disease similar to that in the commercial flock and to inclusion body hepatitis as described in the literature was produced by intra-abdominal inoculation of a type-8 isolant, AMG 5 (2a), into 1-day-old specific-pathogen-free chicks. Pathologic features of the disease included necrotizing hepatitis, pancreatitis, and severe lymphoid depletion of the bursa of Fabricius, thymus, and spleen. It was concluded that type-8 avian adenoviruses were involved in the etiology of the naturally occurring outbreak of inclusion body hepatitis.
INTRODUCTION

An inclusion body hepatitis (IBH)
summarizes the clinical, pathologic, and hematologic findings described in those reports.
The work reported here isolated a type-8 AAV (16) from a field outbreak of IBH and investigated its role in the etiology of this disease. Transmission trial. Chicks, hatched from eggs purchased from a commercial supplier of SPF chickens, were bled when 1-5 days old, and serums were tested for neutralizing titers to 8 AAV serotypes. Eggs from a flock which was negative for all 8 serotypes were used as a source of 35 one-day-old chicks. Five chicks were bled to obtain preinoculation serum samples which were titered by neu- AResults expressed as 95% confidence limits. and adipose tissue attached to skeletal muscles, serosanguineous exudate in the peritoneal cavity, and dark-red musculature. One chicken had gizzard erosions. All birds had feed in the crop, proventriculus, and gizzard.
Histopathologic examination was performed on the organs of 4 birds. Liver lesions (Figs. 2, 3) were extensive and included multiple coalescing foci of swollen vacuolated hepatocytes, focal necrosis and hemorrhage, bile duct hyperplasia, and eosinophilic intranuclear inclusions in hepatocytes (Fig. 4) . Basophilic inclusions completely filling the nucleus, causing it to be distended, were observed in a few hepatocytes (Fig. 5) . Lymphoid depletion had occurred in the spleen and bursa of Fabricius. Bursal follicles were atrophied, some contained necrotic lymphocytes, and many were surrounded with fibrous tissue, lymphocytes, and histiocytes ( Table 2 ) and in the serums of a subsequent group of chickens from the same flock sampled 2 weeks later (convalescent, Table 2 ).
Round-cell CPE-producing agents were isolated from the cecum of 9 chickens, the liver of three, and the trachea of one chicken. All but 3 isolants were obtained on the first passage in CKC. Two cecal isolants and one isolant from each of the liver and trachea, obtained from 4 chickens, were classified as type-8 AAV using AAV TR-59 as the prototype. The other 9 isolants were not typed. Syncytial-cell CPE-producing agents, which failed to hemagglutinate chicken erythrocytes, were isolated from the cecum of 2 chickens. These were not further characterized.
Transmission triall. Antibody to AAV TR-59, but not the other 7 AAV prototypes, was detected in serums of chicks from 2 of the SPF flocks tested, the mean VN titers of 10 chicks from each flock being 180 and 1035, respectively. Progeny of the third flock were negative to all 8 AAV prototypes (titer less than 40), and were used in this trial.
High mortality and morbidity occurred in the chickens inoculated with virus, and lesions were observed in a number of organs (Table 3) . Necropsy examination of dead and moribund chickens revealed swollen, friable yellow-orange petechiated livers; yellow nodular pancreases; serosanguineous fluid in the pericardial and peritoneal cavities; pale swollen kidneys with uratedistended ureters; small bursas and thymuses; small pale spleens; flaccid gastrointestinal tracts which contained feed in the crop and gizzard but gas and pinkish exudate in the intestines; petechiation of leg muscles and fat surrounding visceral organs; and generalized congestion of subcutaneous tissue and skeletal muscles. Histologic lesions included necrotizing pancreatitis and hepatitis, severe lymphoid depletion of the bursa, spleen, and thymus, nephrosis of the proximal convoluted tubules, necrotic duodenitis, and isolated foci of Zenker's hyaline degeneration in the myocardium. Both basophilic and eosinophilic intranuclear inclusions were numerous in epithelial cells of pancreatic acini, liver, kidney, and duodenum. Chickens which survived 9-11 days postinoculation (Table 3) had similar but less extensive lesions. Only eosinophilic intranuclear inclusions were found at this stage. Lung, trachea, and skeletal muscles did not appear to be affected histologically. Detailed pathologic findings are to be reported in a subsequent manuscript.
Virus was reisolated on first passage from pooled lung and trachea, liver, and cecum of birds injected with virus and sampled within 5 days of inoculation, but was reisolated from the cecum only of chickens sampled after this time. Avian adenovirus VN antibody, but not precipitating antibody to AAV or IBD virus, was detected in the serums of chickens inoculated with virus (Table 3) . VN antibody to 8 AAV was not detected in preinoculation serums. Control chickens were negative for clinical signs of disease, tissue lesions, virus, and AAV VN and precipitating antibody.
DISCUSSION
Necropsy examination of chickens submitted from a commercial flock revealed lesions similar to those described for IBH (Table 1) . Numerous round-cell CPE-producing agents were isolated from the tissues of the chickens, and 4 isolants selected for characterization were type-8 AAV. Serologic examination indicated that a current infection with a type-8 AAV was occurring in the flock since the titer was more than 4 times as great in convalescent serums as in acute serums (Table 2) . On the basis of these pathologic, virologic, and serologic findings, the possibility was further investigated that a type-8 AAV was involved in IBH. Table 2 ), suggesting that infection with IBD virus occurred in the flock. Another possible interpretation of these findings is that maternal antibody was detected, but that seems unlikely since it has been shown that maternally-derived precipitating antibody to IBD virus cannot be detected after 3 weeks of age (21). It has been suggested that bursal lesions described in naturally occurring outbreaks of IBH may have been due to IBD virus (21). That possibility was considered an unlikely explanation for the lesions observed in chicks inoculated with AMG 5(2a) since they were derived from an IBD virus-negative SPF flock, were housed under strict isolation conditions, and had no detectable precipitating antibody to IBD virus in their serums. It appears from these results that AAV can produce lymphoid depletion of lymphoid organs essential for humoral and cell-mediated immunity.
Pancreatitis has not been a common finding in IBH, although it is often not apparent whether the pancreas was examined patho-logically ( Table 1) . Lesions of the pancreas were reported in an IBH outbreak in Italy (19) . A type-1 AAV (18) and adenoviruses isolated from horses (14) and monkeys (2) were shown to produce pancreatitis experimentally.
Virus-neutralization testing of serums of progeny chicks indicated that 2 of the 3 SPF flocks from which fertile eggs were obtained had been exposed to at least one serotype of AAV. Although mortality and hepatitis were produced in birds experimentally infected with H131, those workers considered that they had failed to reproduce "typical lesions." In addition, virus-neutralization tests with H131 indicated that birds unaffected by clinical IBH had levels of neutralizing antibody similar to those of birds affected with the disease. Those findings influenced those workers to suggest that the "adenovirus isolated was not the sole agent in the etiology of the natural disease" and to conclude that it was of "doubtful significance" in the etiology.
The fact that a current systemic type-8 AAV infection of chickens affected with IBH was demonstrated by virologic and serologic means in the work reported here, and that lesions similar to those found in the naturally occurring outbreak were reproduced in chicks inoculated with a type-8 AAV, under appropriately controlled conditions and in the absence of other known pathogens, indicates that type-8 AAV were involved in the etiology of the field outbreak of IBH.
